Myosin phosphorylation and calcium in tonic and phasic contractions of colonic smooth muscle.
The time dependence of lightly loaded shortening velocity, myosin phosphorylation, and changes in myoplasmic Ca2+ concentration ([Ca2+]i) were measured during tonic and phasic contractions of circular smooth muscle from the proximal colon of the dog. Shortening velocity was measured by quick release to a 10% afterload. Myosin phosphorylation was measured by an immunoblot method, and changes in [Ca2+]i were estimated by measuring fluorescence intensity at 550 nm in muscle strips loaded with fluo-3. During tonic contractions induced by 60 mM K+, phosphorylation increased monotonically from 0.11 +/- 0.011 to 0.29 +/- 0.015 mol Pi/mol light chain at 10 min. In contrast, lightly loaded shortening velocity increased rapidly within 10 s to 0.042 +/- 0.003 lengths/s and decreased exponentially to 0.013 +/- 0.001 lengths/s at 15 min. During transient contractions induced by 100 microM acetylcholine, phosphorylation increased from 0.16 +/- 0.03 to 0.30 +/- 0.06 mol Pi/mol light chain at 19 s. In contrast, shortening velocity increased to 0.068 +/- 0.015 lengths/s within 2.4 s and decreased significantly to 0.027 +/- 0.009 lengths/s at 22 s. Fluo-3 fluorescence increased in parallel with force during both tonic and transient contractions. In a smooth muscle that is able to contract both tonically and phasically we observed transient increases in shortening velocity without concurrent phosphorylation or [Ca2+]i transients. Therefore, there are factors in addition to myosin phosphorylation or changes in [Ca2+]i that regulate cross-bridge cycling rates in both tonic and phasic contractions.